ABSTRACT Background: Oxidative stress has been linked to such degenerative diseases as atherosclerosis, and it has been suggested that increased dietary intake of antioxidants may reduce its progression. Objective: To determine the effect of mandarin juice consumption on biomarkers related to oxidative stress in hypercholesterolemic children. Materials and Methods: The diet of 48 children with plasma cholesterol >200 mg/dL and low-density lipoprotein cholesterol >130 mg/dL was supplemented for 28 days with 500 mL/day of pure (100%) mandarin juice (Citrus clementina Hort. ex Tan.). The composition of the mandarin juice was analyzed, and its antioxidant antiradical activity was evaluated in vitro. Malondialdehyde, carbonyl groups, vitamins E and C, erythrocyte-reduced glutathione, and plasma lipids were measured at the onset and at the end of the supplementation period. The paired Student t test was used to compare values before and after supplementation.
The onset of atherosclerosis is undetectable, and the disease progresses asymptomatically until it reaches a clinical threshold, at which point it can manifest as coronary heart disease, stroke, or peripheral artery problems. Oxygen free radicals have been implicated in this process. Thus, the oxidative modification of low-density lipoproteins (ox-LDL) contributes to atherosclerotic plaque formation; it also causes endothelium damage that plays a key role in the pathogenesis of cardiovascular diseases (1) . Recently it has been emphasized that oxidative stress is important in the initiation and progression of various pediatric diseases and of diseases that can be traced back to childhood, such as arteriosclerosis (2) .
Antioxidants exert their protective effects primarily by scavenging free radicals (3) . Consequently, to prevent cardiovascular risk the American Dietetic Association has recommended, starting from childhood, the consumption of 5 servings of fruits and vegetables per day to ensure an adequate antioxidant intake (4). However, this recommendation is frequently disregarded because of individual or collective dietary habits or preferences. For instance, in Westernized countries preschool and school-age children tend to consume beverages labeled ''fruit drinks.'' However, these products often are highly energy dense but provide few nutritional benefits when compared with 100% natural fruit juices.
By contrast, natural citrus juices contain vitamin C, folate, and carotenoids, as well as some flavonoids that are almost exclusively found in the citrus species, namely flavanone-7-0-glycosides and fully methoxylated flavones (5) , all of which exert antioxidant effects. Sweet orange juice has been reported to exert a beneficial effect in animals (6) and human adults (7) and is, by far, the most frequently studied citrus fruit juice. However, despite the high consumption of mandarin worldwide, there are no data about the potential antioxidant effect of mandarin juice in vivo. In this context, it is noteworthy that whereas other citrus fruits can be sour-tasting, children readily consume mandarin juice because of its sweet taste, attractive color, and aroma.
The aim of this study was to examine the effects of regular consumption of mandarin juice on the antioxidant status of hypercholesterolemic children. To this aim, we measured the plasma levels of biomarkers derived from the oxidation of lipids (malondialdehyde [MDA] ) and proteins (carbonyl groups), the antioxidants vitamin C and E, cellular reduced glutathione (GSH), and the blood lipid profile before and after daily supplementation with 500 mL of commercial mandarin juice for 28 days.
MATERIALS AND METHODS

Mandarin Juice
We used a commercial pure (100%) juice obtained from Citrus clementina Hort. ex Tan., which is the most widely cultivated mandarin variety in Spain. This was supplied by Agricultura y Conservas, S.A. (Valencia, Spain) in 1-L vacuumpacked containers and kept at 48C until consumption.
The composition of the juice is reported in Table 1 . Energy content and concentrations of protein, carbohydrates, and fat were measured by conventional Association of Analytical Communities methods (8) . Total polyphenolic compounds, total carotenoids, and ascorbic acid were determined by reversephase high performance liquid chromatography (HPLC) as reported elsewhere (9) . We measured flavanone-7-0-glycoside and fully methoxylated flavone content using the procedure reported by Sentandreu et al (5) . The antioxidant capacity of the juice was evaluated according to Re et al (10) using the 2,2 0 -azino-bis-[3-ethylbenzothiazol-6-sulfonic acid] assay, and the reduction capacity of the juice was measured with the ferric reducing/antioxidant power assay (11) . We evaluated the radical scavenger activity of the mandarin juice by measuring its hydroxyl scavenger activity with the method reported by Halliwell et al (12) with modifications (13) . The results are expressed as the percentage of inhibition of deoxyribose degradation induced by juices when compared with mixtures containing blank samples. The superoxide scavenger activity was evaluated according to Liu et al (14) . Superoxide anion release in vitro was assessed by measuring the reduction of nitroblue tetrazolium to a blue precipitate. The results are expressed as the percent inhibition of precipitate formation.
Patients
Patients were recruited from the outpatient clinic of the Pediatrics Department of the Dr Peset University Hospital (Valencia, Spain). The study included 48 children (22 girls, 26 boys) ages between 8 and 12 years (9.5 AE 0.5 years) referred for hyperlipidemia detected in a familial study. Inclusion criteria were normal nutritional status by anthropometric (body mass index ¼ 18.56 AE 0.76 kg/m 2 ; body mass index z score ¼ 0.60 AE 0.25) and biochemical (serum total proteins, albumin, prealbumin, and iron status) measures, and hypercholesterolemia (plasma cholesterol >200 mg/dL, LDL cholesterol [LDL-c] >130 mg/dL). The children had no other acute or chronic disease, their liver function was normal, and they were not taking medication during the study. A detailed medical family history was obtained for each child, and a complete physical examination was performed, which included anthropometric parameters and staging of puberty according to Tanner et al (15) . All of the patients had preadolescent characteristics corresponding to stage 1 and 2. The study was approved by the Clinical Research Ethics Committee of the hospital. Parents and children received verbal and written information about the study and gave their written consent.
Blood Samples
A venous blood sample was collected in the morning after a 12-hour fast from each child at the study onset (baseline sample) and after 4 weeks of mandarin supplementation (final sample). Blood, collected in gelose and heparin-treated vacuum containers, was processed immediately after collection. Serum and plasma were separated in a refrigerated centrifuge at 48C. Lipid profile was determined in serum. MDA and carbonyl groups were determined in plasma, and aliquots of serum were stored at À808C until required for vitamin E and C analyses. Blood cells were hemolyzed with distilled water, and the hemolysate was treated with cold chloroform: ethanol (3:5 v/v) and centrifuged 
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(3000g, 10 minutes). Reduced glutathione was measured in the supernatant.
Dietary Assessment
Retrospective 24-hour recall and prospective 7-day food records were obtained at baseline, and 2 and 4 weeks after. A validated instruction manual containing photographs of mandarin juice portions in 3 sizes (16) guided the parents. In addition, a dietitian monitored both parents and patients to ensure comprehension and compliance. We calculated nutrient composition using the nutritional database Alimentación y Salud, BitASDE (General Médica Farmacéutica, Granada, Spain), which is based on Spanish food composition tables (17) .
Dietetic Supplementation
Children maintained their usual diets during the study. Parents and children were trained in the juice supplementation, which was carried out at home and divided into 2 doses, 250 mL in the morning and 250 mL in the afternoon for 4 consecutive weeks. Compliance was assessed by the dietitian through the food records.
Lipid Profile
Triglycerides and total cholesterol were determined in serum with commercial enzymatic tests using the Modular Analytics Evo autoanalyzer (Roche Diagnostics, Mannheim, Germany). The high-density lipoprotein cholesterol (HDL-c) was measured by the Ultra-HDL test, and the quantitative determination of LDL-c was made by Multigent Direct LDL testing, both using System Architect c800 (Abbott Scientific, Madrid, Spain). Autoantibodies against ox-LDL were detected in serum using an enzyme immunoassay (Biomedica Medizinprodukte, Vienna, Austria).
Markers of Oxidative Stress Status
We measured malondialdehyde (as lipid oxidation marker; the most abundant individual aldehyde produced) in plasma according to Mateos et al (18) . We used Gilson (Middleton, WI) HPLC equipment with a model 321 loading pump and a 7725i sample manual injector, and a Kontron Instruments (Milan, Italy) model 430 photodiode array detector model set at 310 nm. The aldehyde was isocratically separated on a Kromasil 100 reverse-phase C18 column (250 mm Â 4.6 mm, 5 mm particle size). Control analysis and data were processed using the UniPoint LC system software, version 5.1 (Gilson). To evaluate protein oxidation, we measured the carbonyl groups released during the incubation of plasma with 2,4-dinitrophenylhydrazine using the method reported by Levine et al (19) and modified by Tian et al (20) .
Antioxidants
The levels of GSH were determined in red blood cell hemolysate using a procedure based on the glutathione-S-transferase spectrophotometric method reported by Brigelius et al (21) with modifications. We measured a-tocopherol by liquid chromatography using the HPLC equipment described above and the method reported by Arnaud et al (22) . Plasmatic ascorbic acid was measured by HPLC according to Martin and Frei (23) . Before quantification of ascorbic acid, a calibration curve was obtained for the subsequent conversion of peak area to ascorbic acid concentration, expressed in micromoles per liter.
Statistical Analysis
The sample size was calculated taking into account previously published values of the standard deviation for MDA (24) . This condition requires 48 subjects to detect a difference of 4% with a power of 99% using the paired Student t test. Results are presented as mean AE standard deviation (SD), and P < 0.05 was considered statistically significant. Statistical analysis was performed with SPSS 11.0 (SPSS, Chicago, IL) for Microsoft Windows XP (Redmond, WA). The paired Student t test (2-tailed) was used to compare the values before and after supplementation. Table 1 , mandarin juice has high antioxidant potential, as shown by the 2,2 0 -azino-bis-[3-ethylbenzothiazol-6-sulfonic acid] and ferric reducing/antioxidant power assays and the high levels of phenolics, vitamin C, and carotenoids. Hesperidin was the main flavanone-7-0-glycoside; there was also a high level of fully methoxylated flavone. The in vitro scavenging assays demonstrate the strong antiradical capacity of the juice.
RESULTS
As shown in
Mandarin juice significantly decreased the deoxyribose degradation induced by the hydroxyl radical, and acted as a superoxide inhibitor with regard to nitroblue tetrazolium reduction (Fig. 1) . However, it is noteworthy that 100-mL juice inhibited hydroxyl radicals by 82.5%, whereas the same amount inhibited superoxide level by only 39.3%.
The energy and nutrient intakes of the children at baseline and during the 4 weeks of the study are listed in Table 2 . These data are derived from the food records. The food energy intakes of the children were within the ranges of mean values reported for children in Spain (25) . The energy breakdown of their diets did not differ significantly between baseline and the end of the study (40% vs 44% carbohydrates and 38% vs 35% fat). Fat consumption was slightly higher and carbohydrate consumption slightly lower than recommended intakes. The higher carbohydrate level at the end of the study versus baseline probably results from the mandarin juice consumption. Interestingly, despite the additional energy units provided by mandarin juice, the mean energy intake decreased slightly. This can be explained by the fact that juice intake twice daily deterred the children from snacking between meals, as emerged from their food records. There were no significant differences in nutrient intake
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between baseline values and final values, except for an increase in vitamin C levels (P < 0.001), as was expected from the consumption of mandarin juice. It is noteworthy that vitamin C intake exceeded the Dietary Reference Intakes (45 mg/d) for children at baseline (85.3 mg/day). On the contrary, calcium intake (880 mg/day at baseline) was lower than age-related recommendations, but did not change during the study (860 mg/day). Indeed, children were encouraged to continue their normal consumption of dairy products. Table 3 shows the blood lipid profile at baseline and after 4 weeks of juice intake. Supplementation did not significantly decrease the basal serum levels of total cholesterol, triglycerides, LDL-c, or the atherogenic index (total cholesterol/HDL-c). Nor did it augment HDL-c levels with respect to baseline levels. Similarly, autoantibodies against ox-LDL did not change during the study. It is interesting to note that only 19 children (20%) had ox-LDL values above 500 mU/mL at baseline. Serum folate was elevated at the end of the study, whereas glucose and insulin levels were unchanged.
The levels of plasma biomarkers that reflect the oxidative stress status were decreased significantly in children after the 4-week supplementation period (Table 4) . Indeed, juice supplementation induced a significant decrease in the levels of the lipid peroxidation marker MDA (À7.4%) when compared with baseline, as well as in the level of carbonyl groups (À29.1%), the corresponding protein oxidation marker, during the same period.
Antioxidant levels were significantly increased after supplementation with mandarin juice (Table 4 ). The 
DISCUSSION
We demonstrated that the consumption of mandarin juice for 4 weeks exerts a significant positive effect on oxidation biomarkers and enhances the antioxidant defenses of hypercholesterolemic children. Epidemiological findings indicate that a diet rich in fruits and vegetables protects against cardiovascular diseases, and antioxidants have been implicated in this protection (26) . Populations whose dietary habits include a large intake of plant foods, including citrus fruits, have a reduced risk for ischemic cardiac disease (27) . Citrus juices contain various bioactive compounds that function as free radical scavengers and exert different antiradical activities (28) . In line with this observation, we found that mandarin juice has a high antioxidant capacity. Moreover, the scavenger effect of mandarin juice was more effective against hydroxyl compounds than against superoxide radicals. This difference can be related to the different chemical structures of the bioactive compounds ascorbic acid and flavanones in the juice (29) . It is well established, however, that the various nutrients provided by foodstuffs can have a relevant synergic effect. A case in point is the reciprocal protective effect that flavonoids and ascorbic acid exert against selfoxidation or induced oxidation phenomena (30) . Moreover, like other bioflavonoids, hesperidin (the main mandarin flavanone) is more efficient when administered in combination with vitamin C (31). Thus, the effect of single compounds differs from the effect of their mixture.
The ingestion of 500 mL of mandarin juice daily for 28 days did not significantly affect total cholesterol, HDL-c, LDL-c, the total cholesterol/HDL-c ratio, or autoantibodies against ox-LDL. It is possible that a more prolonged period of supplementation or a greater daily intake of juice may have a beneficial effect on lipoprotein profiles. In fact, 750 mL/day of orange juice for 28 days had a cholesterol-lowering effect in adults (32) . However, it is difficult to ensure compliance with these large amounts in children.
Oxidation of LDL is another risk factor for coronary heart disease. In fact, this process triggers the events leading to the accumulation of lipids within macrophages, which is a critical early step in the formation of atherosclerotic plaques. The prevention of LDL oxidation could be essential in the early stages of the atherosclerotic process, rather than in well-established disease because it could delay the onset and progression of vascular injury. Obviously, prevention is particularly important in children. However, mandarin supplementation did not affect the antibody titer to ox-LDL titer. It is noteworthy that at baseline, only 20% of children had anti-ox-LDL antibody levels considered to be pathological. In addition, anti-ox-LDL antibody titer may not be an accurate measure of ox-LDL because it is influenced by the formation of immune complexes and by enhanced antibody production (33) .
Another interesting result of our study is the reduction of biomarkers that reflect lipid and protein oxidation after 28 days of juice supplementation. The levels of MDA, a biomarker of overall lipid peroxidation, were decreased significantly after mandarin supplementation. A decrease in MDA, which reflects a decreased release of oxygen free radicals that promote lipid membrane oxidation, may help to reduce the risk for an atherosclerotic process in hypercholesterolemic children.
Also, carbonyl group levels were reduced after supplementation with mandarin juice. Protein carbonylation plays a significant role in the etiology and progression of atherosclerosis because it may lead to a change in the activity or function of the oxidized protein (34) . We found that supplementation with mandarin juice significantly increased GSH levels. This ubiquitous cellular antioxidant enhances intracellular protection against a wide variety of prooxidant species and increases resistance to oxidative damage. A possible explanation of our result is that other antioxidants (vitamin C and flavonoids) could inhibit oxidation, thus preventing glutathione loss.
Interestingly, plasma levels of vitamin E were increased at the end of the study. Antioxidant compounds are known to exert synergistic effects. For instance, the redox-active reagents vitamin C and polyphenols reduce the tocopheroxyl radical and thus restore the tocopherol level (35) . This may account for the increase of vitamin E identified in our study. Whatever their antioxidant reaction mechanism, the various antioxidant agents in mandarin juices (eg, flavonoids, vitamin C, carotenoids, phenolic acids) seem to act synergistically, thereby y P < 0.00001 vs baseline.
z P < 0.001 vs baseline.
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enhancing the protective effect derived from their consumption (36) . Our study has several limitations. First, it is difficult to ensure adherence to dietary instructions. However, adherence to supplementation was good as judged by self-report and objective measurements (plasmatic vitamin C). Indeed, one of the strengths of this study is that the children were not required to change their dietary habits. The relatively short study period cannot be considered a major limitation because the effects of dietary intervention usually do not need a long induction period. The effects of orange juice against lipid peroxidation in adults became apparent after only 14 days (37). However, we found no relevant clinical changes in our children, perhaps because clinical changes could need more time or a higher amount of antioxidants to manifest. It has recently been shown that intravenous infusion of a high dose of vitamin C reduces endothelial dysfunction and inflammatory markers (38) . We also found that mandarin supplement caused an increase in serum folate, which could prevent an increase of homocysteine, an important cardiovascular risk factor. We are now evaluating the long-term effects of dietary supplementation with mandarin juice.
The weight of our patients did not change during the study, but energy intakes decreased slightly even though the children did not substantially change their diet. Our findings support a previous article in which consumption of 100% fruit juice was not associated with overweight and did not negatively affect calcium intake (39) . These findings have important implications because fruit juices have long been considered to be high-energy and low-nutrient beverages that could be one of the causes of the increased prevalence of obesity among young children (40) .
According to current recommendations, no more than one third of fruit servings must be 100% fruit juice, and at least two thirds must be fresh fruit because their positive effects are correlated with their high content of dietary fibers and antioxidants (41) . However, consumers (especially children) increasingly prefer fruit juices to fresh fruit (25) . In recent years, children have increased their consumption of foodstuffs with a high energy content and a low nutrient content (eg, soft drinks, cakes, sweets), thereby increasing the risk for such degenerative diseases as obesity, diabetes, and atherosclerosis. It is conceivable that drinking 100% pure mandarin juice may reduce the intake of ''fruit beverages'' and snacks, thereby enhancing the antioxidant status of consumers.
Finally, to prevent cardiovascular risk factors, dietary strategies should focus on the prevention and management of excess weight and obesity, and how to prevent or decrease the effects of atherosclerosis. Our data demonstrate that dietary supplementation with 100% pure mandarin juice lowers blood biomarkers of oxidative stress and enhances the concentration of important plasmatic scavengers. This study emphasizes that preventive interventions can decrease the oxidative stress status. Finally, mandarin juice is an excellent source of antioxidants, which may help to protect against atherosclerotic diseases when combined with other dietary and lifestyle factors.
